In the last decade, development in remote sensing techniques has opened new avenues for studying the evolution of landscapes dominated by mass wasting processes. Conventional methods including field reconnaissance are time-consuming and resource-intensive. Thus, it is worth taking advantage of the high-resolution digital elevation model (HRDEM) to identify landslide features remotely and investigate landslide morphology. This research proposes a new technique of landslide feature identification and morphology mapping using computer-aided methods to enhance the visual interpretation of HRDEM. These computer-aided methods involve deep exploration of topographic information provided by HRDEM. In addition to the HRDEM, nine diverse HRDEM derivatives were used to maximise the morphological information captured by HRDEM. To compact and to better understand the morphological information, original HRDEM derivatives were transformed into the principal component (PC) domain. Based on PC composition provided by three initial PCs, it was possible to identify morphological signatures of landslides and represent them as the detailed landslide surface morphology maps. The presented methodology serves as an alternative means of landslide characterisation. It permitted the evaluation of slope morphology and the ability to reassess recent and future landslide activity on a comparative basis.
Introduction
In the last decade, new remote sensing techniques have enabled the improvement in the investigation of the Earth's surface processes. Among these techniques, airborne laser scanning (ALS) is characterised by its usefulness and effectiveness in providing detailed information about surface topography (Tarolli 2014) . ALS is now widely applied in landslide studies globally and is undergoing rapid developments. In the literature, there are many examples of using ALS data for various landslide applications covering landslide detection (Chen et al. 2013; Pawluszek and Borkowski 2016; Pawluszek et al. 2018) , landslide characterisation (Glenn et al. 2006; Goetz et al. 2014; McKean and Roering 2004; Sato et al. 2007 ) and landslide susceptibility mapping (Ayalew et al. 2005; Bai et al. 2010; Chalkias et al. 2014; Ermini et al. 2005; Jebur et al. 2014; Mashari et al. 2012; Pawluszek and Borkowski 2017; Pourghasemi et al. 2012 ).
Furthermore, current improvements in sensor electronics and data processing make it possible to obtain point clouds with resolutions of up to 100 pts/m 2 , while terrestrial laser scanning (TLS) reaches 50 or even 10,000 pts/m 2 (Jaboyedoff et al. 2012) . Based on such dense point clouds, high-resolution (≤ 3 m) digital elevation models (HRDEMs) can be generated (Tarolli 2014) . It opens up new ways of investigating landslide phenomena (Jaboyedoff et al. 2012) .
Recent developments in remote sensing techniques provide opportunities to obtain an HRDEM from other platforms, such as unmanned aerial vehicles (UAVs). Images taken by UAVs are used to produce high-resolution ortho-mosaics providing an HRDEM (Niethammer et al. 2012) . UAVs acquire images in more flexible and cost-effective manners than classical aerial surveys (Stumpf et al. 2013) . Therefore, it has met with wide interest among researchers in landslide monitoring (Niethammer et al. 2012 ). However, some researchers (e.g. Niethammer et al. 2012) have reported on the current limitations of UAVs in the context of landslide studies, this emerging technique seems to be important in the near future as a high-resolution data acquisition technique.
Many countries have created or are creating national and/or regional landslide databases (LDBs). This is a necessary information source for the quantitative zoning of landslide susceptibility to enable effective risk assessment . In Poland, there is a "Landslide Counteracting System", the goal of which is to create landslide inventory maps and recognise landslide-prone areas. A geologist carrying out the landslide inventories during field reconnaissance mapped the main landslide features and described the landslide morphology. Furthermore, the representation and interpretation of landslide forms are a fundamental component of any landslide inventory study as the technique to obtain accurate topographical information is a crucial element in the geomorphic assessment process (Miner et al. 2010 ). This task is time-consuming, resource-intensive and requires considerable effort during fieldwork, especially in forested areas and for complex landslides, where an overview of the entire landslide extent is limited (Borkowski et al. 2011) .
Having considered these difficulties relating to conventional techniques and the availability of HRDEM-derived by different platforms, new landslide mapping techniques are being developed. Researchers have attempted to take advantage of HRDEM to map landslide features remotely and to investigate morphology (Guzzetti et al. 2012) . McKean and Roering (2004) were probably the first investigators who used HRDEM with 1 m × 1 m resolution for the landslide features extraction and morphology mapping. They applied diverse morphological statistics to map the local topographic roughness, which allowed for the delineation of four kinematic units within the landslide complex near Christchurch, New Zealand. Glenn et al. (2006) applied surface terrain gradients, surface roughness, semi-variance and fractal dimensions to differentiate morphological components within a landslide. They provided insight into the material type and slide activity in southern Idaho, USA. Sato et al. (2007) used topographic information from a HRDEM for a landslide investigation covering an area of 3.8 km 2 in the Shirakami Mountains, Japan. They applied terrain gradient, topographic texture and local convexity to distinguish 17 different landforms domains. Booth et al. (2009) applied two standard signal processing techniques to HRDEM to describe the spatial frequencies of morphological features such as hummocky topography, scarps and depleted mass in the Puget Sound Lowlands, Washington and the Tualatin Mountains, Oregon, USA.
In the author's opinion, the completed investigations do not fully extend the information potential provided by HRDEMs. Therefore, this research aims to propose a new technique for landslide morphology mapping by applying computer-aided methods to enhance the visual interpretation of the HRDEM. This computer-aided method involves deep exploration of topographic information provided by HRDEM. In addition to the HRDEM, nine diverse HRDEM derivatives were used to maximise the morphological information captured by HRDEM. To deeply explore morphological information and better understand the relationships between morphological structures, a combination of all HRDEM derivatives in one multi-layer composition was used. To make the morphological information of the HRDEM derivatives more concise, they were transformed into the principal component (PC) domain. Based on the PC representation composed of three initial principal components, it is possible to identify the landslide diagnostic morphological signature. It serves as an effective means of landslide characterisation and permits the evolution of slope morphology to be examined. It allows the prediction of recent and possible future activity of the slide comparatively. This approach can also be the first step in automating the extraction of landslide morphological signatures using the HRDEM.
Two periodically active landslides have been selected as study sites in the Polish Flysch Carpathians. The activation of numerous landslides in 2010 as a result of intense precipitation brought disastrous results. Nearly every year, mass movements are observed, which result in damage and destruction of residential and commercial buildings, transport infrastructure, transmission routes as well as agricultural and forest areas (Poprawa and Rączkowski 2003) . Both landslides are located in the Małopolska municipality, where a wide range of slope movement occurs, and permanent monitoring is necessary to assess the hazard.
Landslide conceptualisation
Within a landslide extent, several features can be distinguished with significantly different morphological signatures. Figure 1 depicts the location and visualisation of the main landslide features . The main scarp is located in the upper part of the landslide (IAEG-International Association 1990 ). It has a steep slope and it is probably the most important feature in landslide recognition. Its shape is often semicircular and has a main direction perpendicular to the direction of the steepest part of the slide . However, the main scarp often transforms into the flanks, which represent the landslide edges. They refer to the side view from the landslide crown (IAEG-International Association 1990). Flanks usually appear perpendicular and downslope to the main scarp. The landslide's body/affected area is the zone where the depleted mass moves and can create radial and transverse cracks. This zone contains some minor scarps and usually appears very rough; however, the roughness can vary significantly within a landslide's body . The last part of the landslide is the landslide toe, which is a curved margin of the displaced material and is far 
ALS data specification and HRDEM generation
The ALS data were captured at the southeast edge of Rożnów Lake before the catastrophic landslide activity in 2010 (Wojciechowski et al. 2012) . The ALS data were obtained during early spring in April 2010, to minimise the influence of vegetation. The data were obtained by an aircraft using the Riegl Lite Mapper 6800 scanning system with a resolution of 4 points per square meter (Borkowski et al. 2011 ). The ALS data filtering was performed using a method proposed by Borkowski and Jóźków (2008) . The raw data collected using only ground ALS data were used to generate the HRDEM in GRID format. The HRDEM resolution depends on the minimum size of landslide features, which should be investigated. Finding the right resolution of HRDEM depends on different concepts including: the resolution of original data, the size of study area, computer processing power, complexity of the terrain and the purpose of the research (Hengl 2006) . It is obvious that the landslide area is complex and in the case of landslide feature recognition, the best resolution is required. Miner et al. (2010) presents the limiting threshold of landslide feature recognition as in the range of 5-10 pixels. The average point spacing (APS) of point cloud used in this paper was 0.5. Having considered such an APS, the complexity of the terrain, the size of the study area and the purpose of this study, the author decided to create the HRDEM with 1 m resolution. Thus, the resolution of HRDEM allows recognition of landslide feature with a size of 5 m or greater. Natural neighbour interpolation method was used to prevent the smoothing effect provided by other methods (Tarolli et al. 2012) . If the HRDEM is more "rough" and sharp, then a more real representation of Earth's surface is achieved. Figure 2 shows the difference between two resolutions of the HRDEM and their impact on morphological feature detection. It is visible that HRDEM ( Fig. 2a ) makes it possible to also map smaller convergences/divergences, which are critical for the investigation of landslide morphology (Tarolli et al. 2012 ).
Landslides and landslide database in Poland
Landslide Counteracting System (SOPO in Polish) is the existing national landslide database. This inventory project was launched in 2008. The project was designed by the Ministry of Environment and supplied by the National Fund for Environmental Protection and Water Management. The Polish Geological Institute conducted the project with geologic survey tasks. Any information connected with landslide damage or triggering events is documented and stored as attributes in the database. All landslide-related information is validated by experts and uploaded to the database. For instance, documentation of landslide field investigation and its specification, activity state, landslide extent, size, map and photos are available for users to download. The SOPO is ready for use via Web application (http://osuwi ska.pgi.gov.pl) and is systematically updated. This data were used for validation of the presented approach. From the geological perspective, development of landslides in the Polish Flysch Carpathians is favoured by the geological structure formed mainly by flysch rocks involving shale, slate-sandstone and sandstone layers. These rocks are generally covered with a residual soil non-cohesive rock material formed as a result of weathering processes on clay soils of various origins. The thickness of these units can range from several dozen cm to several metres (Poprawa and Rączkowski 2003) . Moreover, landslides in the Carpathians are also favoured by large relative differences in elevation, steep slopes and river erosion.
Slope saturation by water is the primary triggering factor of landslides in the Polish Flysch Carpathians. Saturation can occur in the form of intense rainfall, snowmelt, changes in ground-water levels, and water-level changes along rivers, lakes, etc. However, under Polish weather conditions the landslide-activating factor is mostly related to rainfall. The most dangerous are summer, intense rainfalls which take several or even several dozen days, covering large areas sometimes in almost all Carpathian tributaries of the Vistula River. SOPO services provide special warnings when the amount of continuous rainfall exceeds the specific threshold for triggering landslides. For instance, on 22 of September 2017 SOPO informed that in the case of continuous rainfall exceeding 100-150 mm, shallow landslides can be activated, while for rainfall over 400 mm-large and deep landslides can be activated (http://geopo rtal.pgi.gov.pl/SOPO/komun ikaty ).
Characteristics of the study landslides
Landslide No. 1 selected for analysis is located near the village of Gródek nad Dunajcem in Poland, close to the shore of Rożnów Lake. The landslide covers an area of 37.75 ha with a length of 950 m and width 533 m. The elevation within the landslide ranges between 276.48 and 435.05 m. The geographical location of this study area is 49°43′N to 49°44′N latitude and 20°44′E to 20°45′E longitude. Figure 3 shows the location of the study landslide and its extent.
In the documents created during the field reconnaissance in October 2010, this landslide was hypothesised to be an old landslide reactivated after abundant rainfall in 2010.
Based on these field investigations, the estimated thickness of colluviums is about 30 m. Colluviums in the central part are covered by forest, and in the lower and upper parts they are covered by agricultural areas. From a geological perspective, the landslide surface consists of clay, clay with rubble from the Quaternary period and sandstones and shales of the Eocene period. The depleted mass consists of gravels with clay and rubble rock (Wójcik and Krawczyk 2010) . Following Varnes' (1978) classification and the subsequent update from Hungr et al. (2014) , the investigated landslide is clay/silt rotational slides (type 11). Landslide No. 1 was selected for this research for multiple reasons. Firstly, based on Landslide Counteracting system (SOPO), the selected landslide is periodically active, and thus various activity states can be observed. Secondly, according to the recommendations of the Polish Geological Institute, the landslide No. 1 should be investigated periodically. However, a significant part of the landslide is covered with forest, and therefore it is very complex to investigate in the field. Furthermore, the presented landslide is an old landslide, which was reactivated after heavy rainfalls in 2010, making the morphology of this landslide interesting to investigate. Also, residential and economic buildings exist in the extent of this landslide. Some of them are in high susceptibility zones; some of them are partly damaged and cannot be inhabited.
Landslide No. 2 selected for analysis is located near the village of Dąbrowa in Poland, close to the Shore of Rożnów Lake. The landslide covers an area of 11.54 ha. The length and the width are about 50 m and 310 m, respectively. The elevation within the landslide No. 2 ranges between 268.62 and 398.81 m. The geographical location of this study area is 49°41′45′′N to 49°41′55′′N latitude and 20°40′20′′E to 20°40′45′′E longitude. Figure 3 represents the location of the study landslide No. 2 and its extent. This landslide is slow moving and completely covered by forest making it also very difficult to investigate. According to Varnes' (1978) classification and the update by Hungr et al. (2014) , the investigated 
Methodology
The landslides examined in this paper are mainly covered with forest. Aerial photo interpretation, which is commonly used for landslide inventories, is not an appropriate tool in these cases. Therefore, visual interpretation of the topographic surface derived from the HRDEM remains the most promising technique. Different HRDEM derivatives were used to maximise and emphasise the morphological information and enhance visual interpretation. It allows the recognition of diverse morphological characteristics by topographicbased analyses and eye inspection. Each of the HRDEM derivatives provides different clues about the nature of the topography. Therefore, observing each HRDEM-derivative separately is complicated and some connection between landslide features cannot easily be observed. Applying many HRDEM derivatives and combining them in one multi-layer composition should be more advantageous. The ALS-derived HRDEM provides precise information about topography and allows identification of different landslide morphologies by applying diverse mathematical operations on the HRDEM. These operations use a window-moving calculation, where the value of the central pixel is replaced by new value using simple combinations of neighbouring cells. These mathematical operations are first-and second-order derivatives and are available in many GIS softwares. ArcGIS is considered especially suitable for the analysis of morphological calculation because of the abundance of tools to handle raster digital models. Therefore, the extended set of HRDEM derivatives was produced using this software. The main description and reference of each HRDEM-derivative used in this paper are presented in Supplementary Material.
Principal component analysis (PCA) was applied to combine them into one composition. Different HRDEM derivatives have different data ranges, therefore before applying PCA it was necessary to normalise the data. Some GIS software does it automatically, others do not. Using ArcGIS, it was necessary to normalise each HRDEM-derivative layer independently. PCA allows the compacting of all morphological information contained in the full data set into a few bands. In this investigation, only three principal components (PCs) were used. PCA is a technique, which analyses the data set where observations are represented by several inter-correlated quantitative variables (Abdi and Williams 2010) . The PCA has various applications. Firstly, it reduces the number of variables necessary to describe some phenomena. Secondly, the PCA can be applied to detect certain regularities between variables. Moreover, the basic component where the variance is maximised allows for the verification of detected patterns, relationships and classification of objects in a new space specified by a set of results. From a mathematical point of view, the PCA rotates the coordinate system and creates a new space, where the variation of original data coordinates is maximised. Using this space, the data size can be greatly reduced (Jolliffe 2002) .
The PCA is an orthogonal linear transformation of interrelated variables to a new set of uncorrelated variables (new coordinate system), which are called the principal components and are arranged in descending order. It was performed on HRDEM derivatives collected in the matrix and centred,
where 1 is an n-dimensional vector of ones. The principal component decomposition is given by (Jolliffe 2002) where is a matrix whose columns are the eigenvectors of the covariance matrix, The orthogonal eigenvector matrix V is given be the spectral decomposition of the covariance matrix, where is a diagonal matrix of the eigenvalues.
In this research, the composition of the first three PCs was used and interpreted to reveal landslide features. Based on this three-layer PCA-derived morphology image, the main landslide features and extent have been mapped manually. Figure 4 briefly depicts the methodology flow chart.
Results

HRDEM derivatives
Seven diverse HRDEM derivatives, available in ArcGIS and widely applied in landslide studies, were used. Using ArcGIS, it is also possible to create new HRDEM derivatives or modify these existing ones with scripting. In this study, two external derivatives were utilised in addition to those available in ArcGIS. Namely, topographic position index (TPI) was implemented using the "topography tools" toolbox created by Dilts (2015) . Surface relief ratio (SRR) was implemented using the "geomorphometry and gradient metrics" toolbox created by Evans et al. (2014) . Their graphical representations are presented in Fig. 5 . 
Principal component analysis
Supplementary Material presents a correlation matrix between the HRDEM derivatives. Based on the correlation index, it can be observed that some of the HRDEM derivatives provide redundant information about the surface morphology. Having considered this redundancy, the number of variables taken into account can be reduced by applying PCA. One empirical criterion for principal component reduction requires that principal components should provide at least 80% of the total variance (Solanas Pérez et al. 2011) . To evaluate how much cumulative variance is contained in three principal components, three different strategies were tested. In the first strategy, the area of landslide No. 1 was used, the second strategy used the area of landslide No. 2, and the third strategy used the whole data set acquired during the scanning, which covers an area of 30 km 2 . Figure 6 shows the amount of cumulative variance in the subsequent principal components for all strategies. The results show that three initial principal components derived from the HRDEM contain 85.1% of total variance for the first strategy, 86.8% for the second strategy and 90% for the third strategy. Based on this it can be concluded that in many cases, using three PC from the whole data set created from the HRDEM derivatives presented in this study meets the empirical criterion for principal component reduction that PCs should provide at least 80% of the total variance. 
Accumulated eigenvalues in subsequent PC
The PC composition
PCA was used as a tool to transform total variation from 10 original HRDEM derivatives into three bands, which corresponds to the three initial PCs. PCA application permitted the three layers to be easily combined in one PC image as Red-Green-Blue composition. Therefore, using these three initial principal components, the PC composition was provided. To define what morphological information corresponds to these three initial PCs, a correlation matrix between original HRDEM derivatives and the three initial PCs was computed and is presented in Table 2 . Having considered only correlation coefficient greater than 0.5, it can be seen that the first PC corresponds only to the aspect. However, the second PC corresponds to the slope, multiple shaded relief and roughness. The third PC corresponds to the openness, profile curvature, SRR and TPI. The first, second and third PCs are represented by red, green and blue channels, respectively. Figure 7 presents the additive colour mixture and morphological information assigned to these channels. Figure 8a , b presents the PC composition, which contains 85% and 87% of total variance of the original HRDEM derivatives for landslide No. 1 and landslide No. 2, respectively. Based on this PC representation, different landslide features and morphologies were identified and mapped by eye inspection (Fig. 8a, b) . The main landslide features and zones were manually mapped on PC composition based on the landslide conceptualisation and characteristic of landslide features. To better examine the PC composition, the elevation profiles across the main landslide features and zones were also created. Colour slices for the profiles are located at the bottom of each elevation profile. Some image samples were also mapped in the area of the landslide body, and main scarp for both landslides and their histograms and statistics are presented in Table 3 .
Discussion
Based on the elevation profiles and colour slices, it is possible to correlate the morphology of the landslide with the colour composition. Analysing the PC composition, yellow and green colours enhance the visibility of the landslide scarps. In the case of landslide No. 1, the boundary was redefined and a new scarp was identified. Therefore, the main scarp (based on the previous mapping) has now been replaced. In Fig. 8a (profile 1, 2, 4) , one can see that green and yellow colours indicate the areas where topography is upwardly concave. However, green and yellow colours indicate different slope aspects (Fig. 8a , profile 2). On that basis, the boundary between two main expositions of landslide slope was mapped (Fig. 8a) as well as landslide concavities as the radial cracks are easily identified because of their V-shape. Magenta and blue colours indicate the areas where topography is upwardly convex (Fig. 8a, profile 1) . Active slides are commonly fresh, and their morphological features are easily identified because they have not been significantly changed by surficial processes such as weathering and erosion (Varnes 1978) . Fresh landslides can be observed as having hummocky topography and sharp edges, which are easily seen as colour variations on almost the whole of landslide No. 2 (Fig. 8b ) and the central and right upper part of the landslide No. 1 (Fig. 8a) (Fig. 8b) is completely covered by forest and almost the whole landslide area is represented by topography heterogeneity. The PC representation of the topography provides a useful clue of the landslide's nature and slide movements. Based on the PC histograms presented in Table 3 , it can be observed that each PC histogram for the samples of main scarp is symmetrical and more stretched. In contrast, PC histograms for the samples of landslide body are more concentrated and asymmetric. Histograms for the first and third PC are shifted more towards the right. However, histogram for the second PC is shifted towards the left. Figure 9 represents the topographic surface representation of the three initial principal components. Figure 9a represents the red channel that corresponds to the first principal component. Figure 9b represents the green channel that corresponds to the second initial component. Figure 9c represents the blue channel, which corresponds to the third principal component. The first PC does not provide detailed information about topography; however, the second principal components provide the opportunity to distinguish scarps, which can be observed with a green tone in Fig. 9b. In Fig. 9c , the blue channel components provide detailed information about surface morphology. The forms of small-scale morphologies correspond to secondary mass movements on scarp faces and can be observed as having black colour (Fig. 9c) . Based on Fig. 9 , it can be stated that subsequent principal components created from the HRDEM derivatives provide more detailed morphological information.
To investigate the results of the presented approach for landslide feature and morphology mapping, other data from independent investigations within the SOPO project (http://osuwi ska.pgi.gov.pl) were collected; however, they are only available for landslide No. 1. These data contain two maps of the landslide in Gródek nad Dunajcem. They were obtained during the field investigations at different times. The first map presented in Fig. 10a (left) was created in October 2010, and the second map presented in Fig. 10b (right) was created in 2014. The first Fig. 9 Representation of three initial principal components map was captured from landslide inventory documentation, and the second map was captured from "Landslide Counteracting System", where landslide inventory maps are freely available (Wójcik and Krawczyk 2010; Wójcik et al. 2015a, b) . Based on the difference between Figs. 8a and 10, substantial increase in landslide morphology definition and landslide feature recognition can be observed. The approach presented in this study provides more detailed investigation of the landslide because of the increased topographical information provided by PC analysis and DTM derivatives.
Conclusions
The HRDEM has opened new avenues to investigate the evolution of landscapes dominated by mass wasting processes. It enabled differentiating morphological signatures within the landslide remotely and provided insight into the activity state. It is particularly beneficial in poorly accessible areas covered by dense vegetation, where aerial photo interpretation commonly applicable to the landslide inventories is not an effective tool. In this paper, a computer-aided method that involves the HRDEM, its derivatives and PCA, allows enhancement of the visual interpretation of the HRDEM and remotely creates detailed landslide surface morphology maps. Diagnostic morphological signatures of landslides identified in this study provide the possibility to investigate the character and the activity of the slide.
Conversely, this technique also has its limitations. Namely, it is only advantageous for mapping recent landslide features, which were not modified by human and/or environmental activities. Uncertainties and difficulties appeared during mapping in older zones. The landslide toe and old boundaries were not evident in the RGB composition because they do not represent the "fresh morphology". Earth's surface processes, occurring on a slope, have been changing the topography over time. Weathering and/or erosion fill the depressions with colluviums and round the scarps. This leads to denudated topography, where landslide features are not easy to identify. The same uncertainties and difficulties also appear during field reconnaissance. However, vegetation changes or diversity observed during field reconnaissance are helpful and can support landslide feature identification in denudated regions.
Conventional methods including field inventories are time-consuming and resourceintensive. The methodology presented in this study could facilitate the production of highquality landslide inventory maps and reduce time and resources required for their compilation and updating. Likewise, landslide feature identification suffers from simplification and requires geomorphological deduction and are, therefore, subjective. Conventional manual aerial photographic interpretation also depends on the skill of the individual observer and the quality of photography. In the presented study, the visualisation of landslide geomorphological characteristics is enhanced and provides improved information by applying the extended set of HRDEM derivatives and the PCA as well as considerably decreases the subjectivity. The usefulness of the HRDEM and its derivatives in landslide phenomena investigations is worth highlighting. Small-scale landslide feature detection would not have been possible during the field reconnaissance or with coarse resolution of DEM (DEM > 25 m).
Topographic-based analyses in combination with eye inspection demonstrated in this paper do not replace field reconnaissance completely. However, it allows for fast structural characterisations and it can change fieldwork methods, which become part of the validation processes of landslide inventories. It can interactively assist the interpreter during the creation of landslide inventory maps and can facilitate the parameterisation in the final stage of the landslide analysis. This methodology is versatile and can also be applied to investigate other Earth's surface processes in the respective scales. This approach is also the first step in automating the extraction of the landslide morphological signature. The issue of automatic landslide morphological signature extraction is a subject for forthcoming research.
